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Objectives Canine teeth are supposed to have one single root canal, but they may have some anatomical variations. This 
study aimed to investigate the morphology of root canals of maxillary and mandibular canines regarding gender and age 
in an Iranian population using cone-beam computed tomography (CBCT). 
Methods Using CBCT images, 126 maxillary and 125 mandibular canines were evaluated. Root anatomy was assessed 
regarding root length, root curvature, number of roots and canals, and pattern of root canal system. The data were 
analyzed by the Kruskal Wallis and Mann-Whitney tests and multinomial regression model.   
Results The mean root length of male patients was significantly higher than females (p=0.0001). The most frequent root 
curvatures were towards the distal and buccal. Mandibular teeth (p=0.020) and females (p=0.012) had higher frequency 
of root curvature. All maxillary canines had one root; whereas 1.6% of mandibular canines had two roots. High 
prevalence of two canals was reported (34.9% of maxillary and 18.4% of mandibular canines). The most prevalent canal 
patterns included type I (65.1%) followed by type III (34.9%) in maxillary canines and types I (81.6%), III (16.8%) and V 
(1.6%) in mandibular canines. Higher frequency of type III canal configuration was reported in maxillary teeth (p=0.001) 
and male patients (p=0.008). No significant difference was found in any parameter between different age groups 
(p>0.05). 
Conclusion A high percentage of type III canal configuration in canine teeth especially maxillary canines and male 
patients was reported. Mandibular teeth and females had higher frequency of root curvature. 
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Introduction 
Root canal treatment success requires a thorough 
knowledge about the root canal morphology and its 
variations pertaining to every tooth regarding age, race, 
gender, and population.
1-3 
Various methods have been used for analyzing root canal 
anatomy such as sectioning
4













CBCT, as a noninvasive three-dimensional imaging 
technique, has various applications in endodontics such as 
assessment of periapical periodontitis, vertical root 
fractures, outcome of root canal treatment, root canal 
anatomy and morphology, traumatic dental injuries, 
management of root resorption, and pre-surgical 
evaluation.
11-13
 Staining and clearing technique as the 
classic standard for in vitro assessment of the morphology 
of root canals has some drawbacks such as high technical 
sensitivity and being time consuming. CBCT and the 
clearing technique have acceptable agreement for 
evaluation of root and canal morphology of teeth.
14
 Micro-
CT can provide detailed information about the root canal 
anatomy and morphology through individual three-
dimensional reconstruction of images
15
, but disadvantages 
such as increased scanning duration, high radiation dose, 
and size constraints make it unsuitable for clinical use.
16
 
Although the resolution of CBCT is lower than that of 
micro-CT, both have high consistency in identifying the 
root canal morphology of the teeth.
17
 Therefore, CBCT is 
considered as a suitable clinical tool for assessment of root 
canal morphology and has various applications in 
endodontics. 
Canine teeth are referred to as the cornerstone of dental 
arch, because of their important role in masticatory 
function, stability of dental arch, and natural facial 
expression.
18
 Single-rooted canines are usually supposed to 
have one single root canal, but recently researchers showed 
variations in root canal anatomy of them.
19-21
 Some studies 
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have evaluated the morphology of canines in the Iranian 
population
20, 22-24
 but to the best of our knowledge, no study 
has compared variations of maxillary and mandibular 
canines in an Iranian population. Thus, this study aimed to 
investigate the morphology of root canals of maxillary and 
mandibular canines regarding age and gender in an Iranian 
population using CBCT. 
  
Materials and Methods 
This cross-sectional study investigated CBCT images of 
100 patients referred to a radiology clinic in Tehran, Iran 
(ethical approval code: IR.SBMU.RIDS.REC.1395.389). 
These images had been obtained for various reasons and 
had been archived in the dental imaging center along with 
the data such as the patients’ age and gender. The current 
study evaluated CBCT images of 251 canine teeth including 
126 maxillary canines [44 (35%) teeth of male and 82 
(65%) teeth of female patients) and 125 mandibular canines 
(53 teeth (42%) of male and 72 (58%) teeth of female 
patients).    
Images were selected according to the following criteria: 
fully erupted teeth and mature apices, absence of apical 
periodontitis, no internal/external root resorption or 
attrition, no root canal fillings, coronal restorations, root 
fracture, or cracks.  
The CBCT images were taken using NewTom VGi CBCT 
scanner (QR SRL Company, Verona, Italy) at 90 kVp with 
8×11 cm field of view, 200 μm voxel size, and exposure 
time of 3.6 s, and were analyzed with NewTom NNT 
software version 5.6 (Quantitative Radiology, Verona, 
Italy). Serial axial, coronal, and sagittal views of CBCT 
images were examined by rolling the toolbar from the 
incisal edge to the apex by an endodontist and a radiologist 
independently, and any disagreement between them was 
discussed until a consensus was achieved. The following 
anatomical features were recorded: anatomical length of 
root from the cementoenamel junction to the apex in the 
sagittal plane, root curvature in the coronal and sagittal 
planes, and number of roots and number of canals and their 
configurations according to the Vertucci’s classification (5) 
in the axial plane. Demographic information such as 
patients’ age and gender was also recorded. 
The Mann-Whitney and Kruskal Wallis tests were used to 
analyze the differences in root length by gender and age, 
respectively. Multinomial regression model was used to 
analyze the root curvature, number of canals and canal 
configuration and their correlation with gender and age.  
Statistical analysis was performed using SPSS software 
version 22.0 (SPSS Inc., Chicago, IL, USA). The 




Two-hundred and fifty-one CBCT images of maxillary and 
mandibular permanent canines of 100 patients met the 
criteria, including 50 female and 50 male patients with a 
mean age of 27.3 years (range 13-57 years). 
Root length: 
The mean root length of maxillary canines was 16.4 mm 
and 17.8 mm in female and male patients, respectively. In 
mandibular canines, these numbers were 14.9 mm for 
females and 16.3 mm for males (Table 1). The mean root 
length in maxillary and mandibular canines of male patients 
was significantly higher than female patients (P=0.0001). 
The root length was 16.6-17.2 mm and 15.2-15.8 mm in 
maxillary and mandibular canines, respectively (Table 2). 
 
Table 1- Root length according to gender (mm) 
Jaw Gender Number Mean SD 
Maxilla 
Male 44 17.8 1.4 
Female 82 16.4 1.7 
Mandible 
Male 53 16.3 1.7 
Female 72 14.9 1.1 
 
 
Prevalence of root curvature: 
Based on the multinomial regression model, in coronal 
view, most of the roots were straight (Table 3). The 
curvature of roots had no correlation with gender (p=0.414) 
but had a significant correlation with the jaw, as mandibular 
teeth showed higher frequency of curvatures (p=0.020). The 
prevalence of mesial and distal curvatures was 7.2% and 
17.6% in mandibular teeth and 0.8% and 16.7% in 
maxillary teeth, respectively (Figure 1-B).  
In the sagittal plane, most of the roots had no curvature 
(Table 4). The curvature of the roots had no correlation with 
the jaw (p=0.118) but had a significant correlation with 
gender, as females had higher frequency of root curvatures 
(p=0.012). The frequency of buccal and lingual curvatures 
Table 2- Root length according to age groups in mm 
Jaw Age group Number Mean SD 
Confidence Interval 
Lower Bound Upper Bound 
Maxilla 
13-25 6 17.9 0.6 17.3 18.6 
25-35 47 17.4 1.9 16.8 17.9 
35-45 35 16.8 1.6 16.2 17.4 
45-55 23 16.2 1.2 15.6 16.7 
55< 15 16.4 2.1 15.2 17.6 
total 126 16.9 1.7 16.6 17.2 
Mandible 
13-25 34 15.7 1.5 15.2 16.3 
25-35 29 15.6 1.8 14.9 16.3 
35-45 29 15.7 1.5 15.1 16.2 
45-55 18 15.0 1.4 14.3 15.7 
55< 15 15.1 1.0 14.5 15.7 
Total 125 15.5 1.5 15.2 15.8 
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was 16.2% and 2.6% in female and 5.2% and 2.1% in male 
patients, respectively (Figure 1-A). 
The most frequent root curvatures were towards the distal 
(17.1%) and buccal (12.0%). No significant difference was 
found in the root curvature between different age groups 
(p>0.05). 
Number of roots: 
All maxillary canines in male and female patients had one 
root; whereas, mandibular canines in 1.9% of males (one 
out of 53) and 1.4% of females (one out of 72) had two 
roots (Figure 1-C). 
Canal number and pattern according to the Vertucci’s 
classification: 
Of 126 maxillary canines, 44 (34.9%) had two canals, and 
of 125 mandibular canines, 23 (18.4%) had two canals and 
the remaining had one canal (Table 5). 
In the maxilla, 65.1% of teeth were type I (1-1) and 34.9% 
were type III (1-2-1) (Figure 2-A, B). In mandibular 
canines, type I (1-1) canal configuration was the most 
common (81.6%), followed by type III (1-2-1) (16.8%) and 
type V (1-2) (1.6%) (Figure 2-C, 2-D and Figure 3). Other 
types were not detected (Table 5). Type V canal 
configuration was reported in only two teeth. Thus, for 
analyzing the correlation between the type of canal, gender, 
jaw and age, Type V was excluded from the analysis (Table 
6). According to multinomial regression model, significant 
differences were noted in terms of canal configuration 
regarding gender (p=0.008) and jaw (p=0.001), as higher 
frequency of type III canal configuration was reported in 
maxillary teeth and in male patients (Table 6). No 
significant difference was noted for canal number and 




Table 4- Root curvature in sagittal views according to gender and jaw (%) 
Jaw Gender Without curvature Buccal Lingual Total 
Maxilla 
Male 42 (95.5) 2 (4.5) 0 (0.0) 44 
Female 71 (86.6) 9 (11.0) 2 (2.4) 82 




Male 48 (90.6) 3 (5.7) 2 (3.8) 53 
Female 54 (75.0) 16 (22.2) 2 (2.8) 72 
Total 102 (81.6) 19 (15.2) 4 (3.2) 125 
 
Total 
Male 90 (92.8) 5 (5.2) 2 (2.1) 97 
Female 125 (81.2) 25 (16.2) 4 (2.6) 154 
Total 215 (85.7) 30 (12,0) 6 (2,4) 251 
 
Table 5- Number of canals and canal configurations according to gender 
Jaw Gender 
Number of canals and canal configurations (%) 
Total One canal Two canals 
Type I (1-1) Type III (1-2-1) Type V (1-2) 
Maxilla 
Male  21 (47.7) 23 (52.3) 0 (0.0) 44 
Female  61 (74.4) 21 (25.6) 0 (0.0) 82 
Total  82 (65.1) 44 (34.9) 0 (0.0) 126 
Mandible  
Male  42 (79.2) 10 (18.9) 1 (1.9) 53 
Female  60 ( 83.3) 11 (15.3) 1 (1.4) 72 
Total  102 (81.6) 21 (16.8) 2 (1.6) 125 
 
Table 6- Canal configurations according to gender and jaw 
 Canal configuration, n (%) 
Total 
Type I (1-1) Type III (1-2-1) 
Gender 
Male 63 (65.6) 33 (34.4) 96 
Female 121 (79.1) 32 (20.9) 153 
Jaw 
Maxilla 82 (65.1) 44 (34.9) 126 
Mandible 102 (82.9) 21 (17.1) 123 
 
 
Figure 1- (A) Root curvature of mandibular canine teeth in the coronal plane (mesial); (B) sagittal view (buccal), (C) Two roots in a 
Table 3- Root curvature in coronal views according to gender and jaw (%) 
Jaw Gender Without curvature Mesial Distal Total 
Maxilla 
Male 40 (90.9) 0 (0.0) 4 (9.1) 44 
Female 64 (78.0) 1 (1.2) 17 (20.7) 82 
Total 104 (82.5) 1 (0.8) 21 (16.7) 126 
Mandible 
Male 39 (73.6) 5 (9.4) 9 (17.0) 53 
Female 55 (76.4) 4 (5.6) 13 (18.1) 72 
Total 94 (75.2) 9 (7.2) 22 (17.6) 125 
 
Total 
Male 78 (81.3) 5 (5.2) 13 (13.5) 96 
Female 119 (77.3) 5 (3.2) 30 (19.5) 154 
Total 198(78.9) 10 (4.0) 43 (17.1) 251 
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mandibular canine (sagittal view) 
 
 




Figure 3- Type V canal configuration in mandibular canine: (A) sagittal, (B) axial view 
 
Discussion 
Thorough knowledge about the tooth morphology and 
careful interpretation of radiographs are essential for 
successful root canal treatment.
25
 In this study, root canal 
anatomy of maxillary and mandibular canines of an Iranian 
population was evaluated using CBCT, in order to gain 
adequate knowledge for proper cleaning and shaping of 
these teeth.  
The results of root length assessment of maxillary canines 
revealed a mean length of 16.4 mm and 17.8 mm for female 
and male patients, respectively. The anatomical literature 
shows a mean root length of 16.5 mm for maxillary canines 
without mentioning the effect of gender.
26
 This value was 
14.9 mm for females and 16.3 mm for males in mandibular 
canines, which was in agreement with the mean root length 
of 15.9 mm stated in the literature without mentioning the 
effect of gender
26
 and in an Iranian study by Soleymani et 
al.
23
 But the results of another Iranian study showed 
somehow different results from our study
22
 with a slightly 
higher mean root length in these teeth, which may be due to 
different ethnicities from different parts of the country. The 
mean root length of both canines of male patients was 
significantly higher than female patients which was in line 
with the findings of other studies.
2, 22, 23
  
In the coronal and sagittal views, most of the roots were 
straight similar to other studies.
20, 23, 26 
The curvature of the roots had no significant correlation 
with gender in the coronal view (p=0.414), but it had a 
significant correlation in the sagittal plane (p=0.012). Other 
studies found no significant difference between male and 
female patients in mandibular canine teeth in both planes.
20, 
23
 The current study found the most prevalent root curvature 
to be towards distal and buccal, which was in agreement 
with other studies.
20, 23, 27 
All maxillary canines had one root; whereas 1.6% of 
mandibular canines had two roots. The prevalence of 
double-rooted mandibular canines in the present study was 
in accordance with the results obtained from previous 
studies (0.3% to 4.7%).
20, 22, 23
  
In the present study, high frequency of two canals was 
reported for canine teeth (34.9% of maxillary and 18.4% of 
mandibular teeth) with type III canal configuration as the 
most prevalent type of two canals (34.9% of maxillary and 
16.8% of mandibular canine teeth). For maxillary canine 
teeth, a range of 1.4%-17.2% of two canals was reported in 
other studies, while some of them claimed type III canals to 
be the most prevalent type after type I canal configuration 
(11.6%).
28-31
 The range of two canals reported for 
mandibular canine teeth is 3%-33% with different 
prevalence of canal configurations.
20, 22, 23, 30-33
 Amardeep et 
al.
30
 reported 17.2% and 20.4% prevalence of two canals in 
maxillary and mandibular canines, respectively with type 
III canal as the most prevalent configuration (11.6% and 
13.6% of maxillary and mandibular teeth, respectively).
30
 
Two Iranian studies showed type III canal as the highest 
percentage of two canals in mandibular canine teeth.
23, 34
 All 
the above-mentioned studies confirm the results of the 
present study. Higher percentage of two canals and type III 
canal configuration in this study may be due to the selected 
population and shows the need for more attention during 
root canal treatment of canine teeth in the Iranian 
population. 
In this study, significant differences were noted in terms of 
the number and pattern of root canals regarding gender 
(p=0.008) and jaw (p=0.001). Nikkerdar et al.
24
 found a 
significant correlation between gender and type of canal of 
maxillary canines (P=0.005) (24) although Aminsobhani et 
al,
20
 and Soleymani et al.
23
 did not find any significant 
difference between male and female patients in terms of 
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canal type (p>0.05). 
Age had no significant correlation with root length, root 
curvature, number of roots and canals, and pattern of root 
canal system (p>0.05), which was consistent with the 
results obtained in previous studies.
2, 22, 35 
 
Conclusion 
High percentage of type III canal configuration in canine 
teeth requires more attention in access cavity preparation 
and locating the canals, especially in maxillary canines and 
male patients. Higher frequency of root curvature in 
mandibular teeth and female patients highlights the need for 
higher precision in cleaning and shaping of the root canals.  
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